Abstract. The present study aimed to investigate the expression of complement component 1, q subcomponent-binding protein (C1QBP) in colon cancer cells, and identify proteins that interact with C1QBP. Total proteins were extracted from both the tumor and normal tissues of 22 patients with colon cancer and analyzed using liquid chromatography-mass spectrometry (LC-MS) to identify proteins that were differentially-expressed in tumor tissues. C1QBP overexpression was induced in 293T cells using a pFLAG-CMV2 expression vector. Overexpressed FLAG-tagged C1QBP protein was then immunoprecipitated using anti-FLAG antibodies and C1QBP-interacting proteins were screened using LC-MS analysis of the immunoprecipitates. The C1QBP-interacting proteins were confirmed using reverse-immunoprecipitation and the differential expression of C1QBP in tissues and cell lines was confirmed using western blot analysis. LC-MS analysis revealed that C1QBP exhibited a typical tumor expression pattern. Two immune-reactive signals (33 and 14 kDa) were detected in normal and tumor tissues from 19 patients. Furthermore, 14 kDa C1QBP protein was upregulated in the tumors of 15 patients. In total, 39 proteins were identified as candidate C1QBP-interacting proteins, and an interaction between C1QBP and apolipoprotein A-I was confirmed. The present study indicates that C1QBP is involved in colon cancer carcinogenesis, and that the mechanisms underlying the established anti-tumor properties of apolipoprotein A-I may include interacting with and inhibiting the activity of C1QBP.
Introduction
Complement component 1, q subcomponent binding protein (C1QBP) is a multifunctional protein. Its sequence is identical to that of p32, a protein that co-purifies with splicing factor SF2, and that of hyaluronan-binding protein 1, a member of the hyaladherin family (1) . Its terminal α-helices are important in protein-protein interactions and regulate its multifunctional nature. C1QBP is commonly localized in the mitochondrial matrix, although it exhibits differential localization among cell lines under various physiological conditions (1) . Moreover, it serves important roles in various biological processes, including inflammation, infection, cell signaling and chemotaxis (2) (3) (4) .
However, it remains unclear whether C1QBP exerts antior pro-tumorigenic effects during cancer pathogenesis (5) . Upregulated expression of C1QBP has been reported in various different types of cancer, including breast, prostate, thyroid, colon, pancreatic, gastric, esophageal and lung cancer (6) (7) (8) (9) . This elevated expression has been linked to the metastasis of ovarian cancer (10) , poor prognosis or metastasis of breast cancer (7, 9) and early relapse following surgery in prostate cancer (11) . By contrast, other studies have reported that C1QBP is required for the induction of mitochondria-dependent apoptotic cell death (12, 13) . The constitutive expression of C1QBP in normal fibroblast cells perturbs its growth characteristics and induces apoptosis (14) . In addition, it has been demonstrated that C1QBP is upregulated following the induction of apoptosis in HeLa cells in response to a chemotherapeutic agent (cisplatin), suggesting that C1QBP may be involved in apoptosis (15, 16) .
Over one million people worldwide develop colorectal cancer annually, and the disease has a mortality rate of ~33% (17) . Carcinogenesis and biology of colorectal cancer have been recognized as multistep processes involving various molecular alterations (18) . Knowledge of the specific molecular markers or pathways that are responsible for disease progression and poor prognosis may be beneficial in the development of more effective treatment.
The present proteomic study revealed that C1QBP was cleaved in the tumor tissues of patients with colon cancer, and that apolipoprotein A-I (ApoA-I) interacts with C1QBP. Furthermore, the possible role of C1QBP in colon cancer via its interaction with ApoA-I is discussed.
Materials and methods
Tissues from colorectal cancer patients. Fresh tissues (normal colon mucosa and primary colon tumor) were obtained from 22 patients with colon cancer (8 female and 14 male, 61.5±10.5 years old) who were enrolled in the current study between January 2006 and May 2007 at the National Cancer Center, Republic of Korea. Following dissection of necrotic exudates and stromal components, the overall cellularity of the normal epithelium and tumors was >75%. The present study was approved and performed in accordance with the guidelines of the Institutional Review Board of the National Cancer Center (Goyang, Republic of Korea), and informed consent was obtained from all patients.
Human cancer cell lines. The human colon cancer cell lines (SNU-81, SNU-407, SNU-C4, NCI-H498, NCI-H508, CaCo2, DLD-1, HCT-116, LoVo and SW620), a cervical cancer cell line (HeLa) and an embryonic kidney cell line (293T) were all obtained from the Korean Culture Line Bank (Seoul, Korea).
Mass analysis.
Mass analysis was performed as described previously (19) . The bands of SDS-PAGE corresponding to potential proteins of interest were excised, destained using 50% acetonitrile in 0.1 M ammonium bicarbonate (Thermo Fisher Scientific, Inc., Waltham, MA USA) and dried using a SpeedVac evaporator (Savant SVC-100H, Thermo Fisher Scientific, Inc.). Dried gel pieces were swollen with 30 µl of 25 mM sodium bicarbonate (pH 8.8) (Thermo Fisher Scientific, Inc.) containing 50 ng trypsin (Promega Corporation, Madison, WI, USA) at 37˚C overnight. Samples were subsequently desalted using Zip-Tips C18 (EMD Millipore, Billerica, MA, USA) and dissolved in 10 µl of 2% acetonitrile (Thermo Fisher Scientific, Inc.) in 0.1% formic acid (Thermo Fisher Scientific, Inc.). Analyses were performed using a linear trap quadrupole (LTQ) XL linear ion trap mass spectrometer (MS; Thermo Fisher Scientific, Inc.) in the Proteomics Core of the National Cancer Center (Goyang, Republic of Korea). The mass spectrometer was set for nanospray ionization (NSI) in the positive mode. Moreover, a syringe pump was used to introduce the calibration solution for the automatic tuning and calibration of the LTQ in an NSI-positive ion mode. The infusion of trypsin-digested samples into the ionization source of the mass spectrometer was performed following liquid chromatographic separation. The spray voltage was set at +1.1 kV, the temperature of the capillary apparatus was maintained at 200˚C, the capillary voltage was set at +20 V and the tube lens voltage was +100 V. Moreover, the auxiliary gas was set to zero. Full scan experiments were performed to linear trap in the m/z range of 150-2,000. Systematic MS/MS experiments were performed by changing the relative collision energy and monitoring the intensities of the fragment ions. All MS/MS samples were analyzed using Sequest (version v.27, rev.11; Thermo Fisher Scientific) to search the uniprot_ sprot (http://www.uniprot.org) and IPI human databases (European Bioinformatics Institute, Hinxton, UK; ftp://ftp. ebi.ac.uk/pub/databases/IPI/last_release/current/) assuming digestion with trypsin. Sequest was searched with a fragment ion mass tolerance of 1.00 Da and a parent ion tolerance of 1.2 Da. Methionine oxidation was specified as a variable modification.
Western blot analysis. Western blotting was performed as described previously (20) . Briefly, cell homogenates containing equivalent quantities (20 µg) of protein were centrifuged at 4,000 x g (4˚C) for 5 min and the supernatant fractions were separated using 4-10% gradient SDS-PAGE. Following electrophoresis, the proteins were transferred to polyvinylidene fluoride membranes (EMD Millipore), blocked for 2 h at 4˚C in 1% Tween 20-Tris buffered saline buffer containing 1.5% non-fat dry milk (Bio-Rad Laboratories, Inc., Hercules, CA, USA) and 1 mM MgCl 2 . The blocked membranes were then incubated for 2 h at room temperature with primary antibodies against C1QBP (dilution 1:1,000, cat no. ab131284, Abcam, Cambridge, MA, USA), ApoA-I (dilution 1:1,000, cat no. ab52945, Abcam) or β-actin (dilution 1:2,000, cat no. 04-1116, Merck Millipore, Darmstadt, Germany). They were then washed three times in blocking solution (1% Tween 20-TBS buffer containing 1.5% non-fat dry milk and 1 mM MgCl 2 ) for 15 min each and incubated with diluted horseradish-peroxidase conjugated secondary antibody (dilution 1:2,000, cat no. 4010-05, Southern Biotech Associates, Inc., Birmingham, AL, USA) for 1 h at room temperature. Membranes were then washed with blocking solution (3x15 min), incubated with WEST-ZOL ® plus chemiluminescence reagent (iNtRON Biotechnology, Inc., Gyeonggi, Korea) for 1 min and exposed to film (Kodak Blue XB-1, Kodak, Rochester, NY, USA).
Overexpression of C1QBP in 293T cells and immunoprecipitation.
In order to generate a pFLAG-CMV2-C1QBP plasmid containing the full-length coding sequence of human C1QBP, polymerase chain reaction (PCR) was performed from a human brain cDNA library (Clontech Laboratories, Inc., Rochester, NY, USA) with the following oligomers: Sense, 5'-GGA ATT CTA TGC TGC CTC TGC TGC GCT GC-3' and antisense, 5'-TAA CCC GGG CTA CTG GCT CTT GAC AAA ACT CTT GAG G-3'. The amplified PCR product was digested using EcoRI-XmaI (Clontech Laboratories), then inserted into pFLAG-CMV2 (Merck Millipore). The 293T cells were transfected with control or FLAG-C1QBP plasmids. At 48 h after transfection, cells were harvested and aliquots of the total protein from each sample were analyzed using western blotting, as indicated.
For immunoprecipitation-coupled MS analyses, cells were lysed in immunoprecipitation buffer containing 150 mM NaCl, 25 mM HEPES-KOH (pH 7.5), 10% (v/v) glycerol, 1 mM MgCl 2 , 2 mM sodium orthovanadate, 2 mM glycerophosphate, 1 mM PMSF, 1 mM DTT, 2 mM EDTA, 0.5% Triton X-100 and 1X protease inhibitor cocktail (Roche Applied Science, Madison, WI, USA). Following a brief sonication and incubation on ice, the lysates were centrifuged at 15,000 x g for 5 min to remove the insoluble materials. The lysates were then incubated with anti-FLAG M2 affinity agarose beads (Sigma-Aldrich; Merck Millipore) for 2 h at 4˚C, and the collected beads were washed four times with washing buffer (0.05% Triton X-100 immunoprecipitation buffer without a protease inhibitor cocktail), and boiled in SDS sample buffer for protein immunoprecipitation-coupled MS analysis.
Results
Differential expression of C1QBP in tissues from colon cancer patients. Whole proteins were extracted from both the tumor and normal tissues of three patients and were separated by SDS-PAGE (Fig. 1) . Sections of gel containing proteins were then cut according to their molecular weight and subjected to proteomic analysis. Proteins of 19-35-kDa were analyzed using the linear ion trap MS system, which identified C1QBP to be present only in tumor tissues ( Fig. 1 and Table I ).
Western blot analysis was then used to confirm the expression of C1QBP in normal and tumor tissues from patients with colon cancer (Fig. 2A) . Two immunoreactive signals at 33 and 14 kDa were detected using the anti-C1QBP antibody ( Fig. 2A) . In contrast to the proteomic analysis, 33 kDa C1QBP exhibited no typical expression pattern in tumor tissues ( Fig. 2A) . However, among the 19 pairs of tissues analyzed, 15 showed upregulation of 14 kDa C1QBP in tumor compared with normal tissues (Fig. 2A) . In human colon cancer cell lines, the expression of 33 kDa C1QBP was variable, whereas the short form was not detected (Fig. 2B) .
Candidate C1QBP-interacting proteins. In order to further evaluate the role of C1QBP in colon cancer at the molecular level, C1QBP-interacting proteins were screened for in immunoprecipitates from FLAG-tagged C1QBP-overexpressing 293T cells. Fig. 3 presents the results of immunoprecipitation using FLAG antibodies in whole cell lysates from C1QBP-overexpressing 293T cells (pFLAG_CMV2_C1QBP). FLAG-tagged C1QBP was immunoprecipitated successfully using anti-FLAG antibodies, and was detected as a band at 33 kDa on the SDS-PAGE gel (Fig. 3) . As a control, immunoprecipitation was performed using 293T cells overexpressing FLAG alone (pFLAG_CMV2_MOCK_293T). The appropriate bands were excised from the gels as described in Fig. 3 and the proteins therein were subjected to in-gel tryptic digestion and MS. The proteins that co-precipitated with C1QBP are listed in Table II after exclusion of proteins also identified in the control lane. In total 39 proteins, including fibrinogen α-, β-and γ-chains, complement C3, complement C4-A, ApoA-I and ApoA-II, were identified as possible C1QBP-interacting proteins (Table II) .
Interaction between C1QBP and ApoA-I. Reverse immunoprecipitation was subsequently used to confirm the interaction between C1QBP and candidate proteins. Among the proteins 
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Protein accession number and name Immunoprecipitation of whole cell lysates from 293T cells overexpressing C1QBP (pFLAG_CMV2_C1QBP) was performed using FLAG antibodies. The FLAG-tagged C1QBP protein was immunoprecipitated efficiently using anti-FLAG antibodies and stained in a ʻ2-10ʼ numbered slice of an SDS-PAGE gel. 293T cells overexpressing only FLAG (pFLAG_CMV2_ MOCK_293T) were used in control immunoprecipitation. The indicated slices were excised from SDS-PAGE gels and subjected to mass analyses to identify the proteins that co-precipitated with C1QBP. C1QBP, complement component 1, q subcomponent-binding protein.
listed in Table II , ApoA-I was selected for confirmation of its interaction with C1QBP. Human SW620 colon cancer cells were used because they express high levels of C1QBP (Fig. 2B , and mouse IgG or antibodies against C1QBP and ApoA-I were added to SW620 whole-cell lysates. Immunoprecipitation was then performed, followed by western blotting. Immunoreactive signals produced by monoclonal antibodies against ApoA-I were detected in immunoprecipitates prepared using both anti-ApoA-I and -C1QBP antibodies (Fig. 4) . In addition, SW620 whole cell lysates were immunoreactive for ApoA-I (Fig. 4) .
Discussion
The present study revealed that the cleaved form of C1QBP (14 kDa) is upregulated in colon cancer compared with normal cells, which is consistent with previous reports of the pro-tumorigenic properties of C1QBP (5, 6, 8 (5) reported that C1QBP expression was upregulated in breast, colon and lung cancer compared with normal control tissues. Altogether, these data indicate that C1QBP is important in colon cancer tumorigenicity. A novel observation of the present study is that C1QBP interacts with ApoA-I. Among the many candidate-binding proteins identified, ApoA-I was selected for confirmation because it has a relatively well-established role in colon cancer. The lipid metabolism is closely associated with cancer (21, 22) . In particular, it has been speculated that lipids and lipoproteins are associated with neoplastic processes, including inflammation, oxidative stress and insulin resistance (23) . Moreover, ApoA-I is a major component of high-density lipoprotein in plasma, which exerts protective anti-inflammatory, anti-oxidant and anti-microbial functions, and it is important in innate immunity (21) . ApoA-I is synthesized primarily in the liver (80%) and small intestine (10%) (24) , and it is known to be important in reverse cholesterol transport and for promoting cholesterol efflux from tissues by acting as a cofactor for lecithin cholesterol acyltransferase (24) . In a study of a cohort of >520,000 participants from 10 European countries, high serum concentrations of HDL and ApoA-I were associated with a decreased risk of colon cancer (23) . In addition, HDL mimetics inhibited tumor development in both induced and spontaneous mouse models of colon cancer, possibly by inhibiting angiogenesis (21) . Zhang et al (25) analyzed the lipid levels of 206 patients with colorectal cancer, 70 patients with benign colorectal disease, and 300 healthy participants, and revealed that serum ApoA-I and ApoB levels were significantly lower in colorectal cancer patients (25) . In addition to colon cancer, ApoA-I inhibited tumor development in a mouse model of ovarian cancer (26) . Significantly decreased serum levels of ApoA-I were found in patients with cholangiocarcinoma (27) , and increased levels in serum were associated with a favorable prognosis in patients with metastatic nasopharyngeal carcinoma (28) . These anti-tumor properties of ApoA-I may be associated with its binding to and subsequent inhibition of C1QBP. As such, HDL has received attention as a promising therapeutic strategy for colon cancer. A novel finding in the present study, that C1QBP binds to ApoA-I, may assist the future development of such therapeutic strategies.
Nevertheless, the physiological role of the interaction between ApoA1 and C1QBP requires further investigation. Furthermore, one contradictory study indicated that the expression of ApoA-I was associated with colon adenocarcinoma progression, and that ApoA-I is a potential marker of tumor aggression (29) . However, the novel observations in the present study may facilitate identification of the molecular mechanisms underlying the roles of ApoA-I and C1QBP in colon cancer.
